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Abstract. The purpose of this article was to study the influence of degree of milling whole 
wheat (was ground in 4 variants of grain) and husked millet (was finely ground) to obtain fermented 
mashes type Braga. There have been 4 mashes of grist of whole wheat, grist husked millet, hop pellets 
and water and were boiled under continuous stirring and then cooled. Their content has diluted with 
water and then strainer by pressed through a sieve. Each mash-filtrate has divided in two and added 
white sugar 7%, resulting two series of sweet mashes. One has inoculated with a mixed culture of 
yeast and lactic bacteria and the other only with yeast culture. After fermentation were analyzed 
fermented mashes (pH, volatile and total acidity, total and soluble dry substances, dynamic viscosity, 
alcohol concentration, number of yeast and bacteria cells (UFC/mL). All determinations have made in 
triplicate. For both series of fermented mashes observed an increase in viscosity for increasing grain 
particles of grist. Increased viscosity was higher when using only inoculums of yeast culture. pH 
values for both series of mashes varied in opposite directions. Towards lower pH's initial pH was 
significant for the series of mashes fermented with mixed cultivation of microorganisms. Are balanced 
values of alcoholic strength of fermented mashes at 25°C for 40 h. Very small inoculums of yeast 
ensures appropriate alcohol concentration, but not a total acidity that provides drinking fermented 
sour-sweet character type specific Braga. According to the ingredients used and method of obtaining 
of fermented mashes recommended wheat grain milling at 0.3 and/or 0.4 mm for a positive sensory 
evaluation.  
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INTRODUCTION 
 
The obtaining and the fermentation of mashes based on cereal grists (CGMs) is in 
present a recover research subject. That because, fermented CGMs (type Braga or Boza in 
Romanian) represent a healthy and nutritious beverage and its lactic acid content has positive 
effects on digestion and intestinal flora (Arici and Daglioglu, 2002). In addition, fermented 
mashes type Braga, obtained from grists of various types of cereals (wheat, millet, corn, rice, 
barley, rye, oat, etc), are accept as good examples of biopreserved foods in which the starter 
cultures are allowed to grow so that they can produce antimicrobial metabolites (Mollendorff 
von et al., 2006; Todorov and Dicks, 2004; Todorov et al., 2008). Braga is a pleasant 
traditional fermented beverage with a thick consistency and sour-sweet taste, depending on 
the ingredients and method of preparation.  
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Two different types of fermentation occur simultaneously during mashes fermentation 
(alcoholic fermentation and lactic fermentation). Lactic acid produced by lactic fermentation 
gives the acidic character to Braga (Arici and Daglioglu, 2002). The counts of lactic bacteria 
and yeasts isolated vary from sample to sample and the ratio between lactic bacteria and yeast 
was found to be relatively constant (Arici and Daglioglu, 2002). It is evident from different 
studies that interactions between microorganisms are uncontrolled during the fermentation 
process, which leads to variability in the product quality. 
Although Braga/Boza has been consumed for a long time in many parts of Asia, the 
Middle East, Africa and South Eastern Europe, there is little and different knowledge about 
the physical and biochemical changes that take place during Braga processing (Banu, 2000; 
Hayta et al., 2001; Rasenescu and Otel, 1987). For this reason, to contribute to knowledge and 
better management as the process of obtaining product technology Braga, in this article will 
study the influence of the degree of grinding to obtain of some fermented mashes based on 
whole wheat and husked millet. It will analyse the main physical, chemical and 
microbiological characteristics of the CGMs in technological conditions specified in this 
study. 
 
MATERIALS AND METHODS 
 
Fermented mashes based on whole wheat and husked millet were obtained based on 
general technological diagram of operations described by Arici and Daglioglu, 2002. For 
obtain mashes were used anstrained whole wheat (Triticum aestivum, 13.8% humidity) 
different granulations, fine yellow husked millet grist (12.1% humidity), Saaz hops pellets 
(8.4% humidity and 3.9% bitter -acids) and distilled water with hardness less than 5°D. 
Grain grinding was done with a laboratory grinding mill Universal Laboratory Disc 
Mill tip DLFU (Bühler GmbH) type. Whole wheat was ground in 4 variants of grain (0.2 mm, 
0.3 mm, 0.4 mm and 0.5 mm) and husked millet was finely ground (0.2 mm) (Fig. 1). There 
have been 4 mashes of grist of whole wheat (30 g), grist husked millet (20 g), Saaz hop pellets 
(0.032 g) and 600 mL of water (Tab. 1).  
 
                                                                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Saaz hop pellets, buy from the Brewferm Products company from Belgium, (Fig. 2) 
that were added to boiling, the amount of 0.005% of initial amount of mash, gives to mash a 
slightly bitter and provides a some preserve of primitive mash. 
          a          b 
Fig. 1. Whole wheat and husked millet grists  
               a – whole wheat grist; b – husked millet grist. 
Fig. 2. Saaz hop pellets 
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Mashes boiling was done in a 1000 mL Berzelius beakers  (Ø:H=1:1.5) under heating 
plate with magnetic stirrer IKA RH basic 2 (IKA WERKE GmbH) (Fig. 3) for a constant 
mixing and in all volume of mashes. Boiling duration was 2 h. 
Because, during the boiling process the 
mashes absorbs water hot water was add several 
times until the end of the boiling process. 
Boiled mashes were cooled at 20°C on 
water bath, under continuous agitation, in time 
(15 - 20) min. Their content was diluted to 900 g 
with water, homogenized and subjected to coarse 
filtration, by press, using a metal sieve with holes 
of 0.7 mm size (Fig. 4). Coarse filtration is 
recommended for the production of braga/millet 
beer types, which are characterized by a high 
content of particles in suspension. After filtering 
operation was obtain primitive mashes and cereal 
grains. 
 
Tab. 1 
The quantities of raw materials used to obtain four primitive mashes  
from whole wheat and husked millet 
 
Number of 
mash 
version 
Quantity of whole 
wheat grist, 
[g] 
Grit of 
grist, 
[mm] 
Quantity of millet 
husked grist, 
[g] 
Initial quantity of 
water, 
 [mL] 
Quantity of 
hop pellets, 
[%(w/w)] 
1 30 0,2 20 600 0,005 
2 30 0,3 20 600 0,005 
3 30 0,4 20 600 0,005 
4 30 0,5 20 600 0,005 
  
In each of the four primitive mash crystallized white sugar plus 7%(w/w) to give of 
mash a mellow flavour and as a source of sugars for alcoholic and lactic acid fermentation. 
Sugar is considered as the maximum moisture 0.06%; according to quality standards of 
crystallized sugar. Mashes were homogenized for complete dissolution of sugar crystals. 
The main chemical and physical characteristics of the sweet mashes, thus obtained, are 
given in tab. 2. 
Tab. 2 
The main chemical and physical characteristics of the four sweet mashes 
 
Number of 
mash 
version 
pH 
Total acidity, 
[%(w/w)] 
Dynamic 
viscosity, 
[cP]* 
Total dry 
substance, 
[%(w/w)] 
Quantity of spent 
grains,  
[g] 
1 6.40 ± 0.15 0.0192 ± 0.0004 56.6 ± 0.92 24.04 ± 0.46 54.43 ± 1.69 
2 6.43 ± 0.12 0.0183 ± 0.0004 59.9 ± 1.38 23.60 ± 0.49 57.26 ± 1.62 
3 6.36 ± 0.19 0.0188 ± 0.0006 64.4 ± 0.95 23.37 ± 0.45 61.12 ± 1.82 
4 6.38 ± 0.10 0.0167 ± 0.0005 76.6 ± 1.24 23.19 ± 0.54 62.30 ± 1.77 
Note: mean values of triplicate determinations (n=3) ± standard deviation and significant differences is =0.05. * 
1 cP = 0.001 Pa×s = 1 mPa×s 
 
The pH was determined using a pH-meter Orion 2 STAR (Thermo Electron 
Corporation,  Ltd.) with calibration in 2 points. Mash samples were thermostated at 20°C. 
Fig. 3. Heating plate with magnetic stirrer 
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Total acidity was determined by titrating samples to be analysed using a microburettes 
with sodium hydroxide solution 0.1 N in the presence of bromthymol blue indicator, alkaline 
solution 4‰. Total acidity is expressed in g lactic acid per 100 g of mash or %(w/w) 
expressed as lactic acid. 
Total dry substance (%(w/w)) was determined at 105°C with a Moisture Analyzer tip 
ML-50 (A&D Instruments, Ltd.) with a halogen lamp, after a prior maintenance of sample for 
30 min. in oven at 40°C. 
Soluble dry substance (%(w/w)) was determinate at 20°C with Electronic ABBE 
Refractometer AR 2008 (A. Krss  Optronic, GmbH) (Fig. 5) connected at the circulating 
water bath refrigerated Brookfield TC-502. For that fermented mash was centrifuged at 6000 
RPM for 10 min. (Hayta et al., 2001) and used the supernatant filtered through Whatman 2555 
½ folded filter paper.  
Dynamic viscosity was determined at 20°C using a Yield Stress Rheometer YR-1 
Brookfield (Brookfield Engineering Labs., Inc.) on mode for calibration, equipped with a 
spindle S72 at 100 RPM (Fig. 6). Enough samples in a 200 ml Berzelius beaker was use to 
immerse the spindle and to analyze a homogeneous sample of fermented mash. Temperature 
was maintained using a circulating water bath refrigerated Brookfield TC-502 (Brookfield 
Engineering Labs., Inc.). Readings have recorded after 10 s.  
                                                                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Mash filtration    
        and sieve with spent 
Fig. 5. Electronic ABBE 
 Refractometer AR 2008 
Fig. 6. Brookfield Yield          
Stress Rheometer 
                             
Next, sweet mashes were divided, approximately equal, in 2 Berzelius beakers and 
were subjected to sowing culture of bakery yeast and lactic bacteria. In the first 4 Berzelius 
beakers, noted by 1DB, 2DB, 3DB and 4DB (Series I), was add an inoculums of 2%(w/w) 
consisting of bakery  yeast culture (23%) and culture of lactic bacteria (77%). This provides 
for bakery yeast 2.5×105 CFU/mL and for lactic bacteria 8×106 CFU/mL of inoculated 
mashes. The following 4 Berzelius beakers, noted by 1D, 2D, 3D  and 4D (Series II), was add 
an inoculums of 0.004%(w/w) yeast culture. This provides for bakery yeast 2×103 CFU/mL of  
inoculated mashes. 
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Lactic bacteria culture used for lactic fermentation of mashes was obtained by a mash 
of wheat bran and grist corn. Bakery yeast culture was used as a thick suspension from 
Pakmaya compressed bakery yeast. In Fig. 7 are presented the two series of Berzelius beakers 
under fermentation for 40 hours at a temperature of 25°C in the thermostat of Fig. 8. 
 
 
 
                                                                                
 
 
 
 
 
 
 
 
 
 
Fig. 7. Series I and series II of sweet mashes             Fig. 8. Thermostat for fermentation 
under fermentation                                            at 25°C for 40 hours 
 
For fermented mashes was determined alcoholic concentration, volatile acidity, 
soluble solids, CFU/mL for yeast and lactic bacteria, too. Alcoholic concentration (%(w/w)) 
of fermented mashes was determined by analysing their corresponding distillates, using direct 
method with the alcoholtest Alkotest Analyzer (Bulteh 2000, Ltd); if a volatile acidity of 
distillate is maximum of 0.1 g acetic acid/100mL of distillate. Distillate was obtained using 
the semiautomatic with steam-drive distiller Alcotest-1 Raypa (R. Espinar, S.L.). 
Volatile acidity was determined by titrating distillates using a microburettes with 
sodium hydroxide solution 0.1 N in the presence of bromthymol blue indicator, alkaline 
solution 4‰. Volatile acidity is expressed in g acetic acid per 100 g of fermented mash or 
%(w/w) expressed as acetic acid. 
Microbilological analysis (Dlusskaya et al., 2008; Teramoto et al., 2001) of fermented 
mashes was to determine CFU/mL using Koch cultural method by inoculation of the Petri 
dishes 9 cm diameter with sterile culture media (agarised malt wort for yeasts and simple agar 
for bacteria) with a certain volume of fermented mash. The conditions for growth of 
micoorganisms were: incubation at 30°C for 72 h for yeast and at 30°C for 36 h for bacteria. 
 
 
RESULTS AND DISCUSSION 
 
By analyzing the main chemical and physical characteristics of subjected to 
fermentation (CGM mashes Tab. 2) we find that the initial pH of the four mashes are very 
close (pHmax.=0.04; pHmin.=0.02) and we could say that the degree of milling of whole 
wheat not significantly influence the pH. However, for the coarsest grist, respectively 0.5 mm, 
is obtained the lowest pH. 
Referring to total acidity of these mashes, we remark that it decreases in value in the 
same sense with pH, but more meaningful compared with this. Maximum acidity difference 
between the 4 mashes, expressed as a percentage, is 13.02% and is recorded between mashes 
no. 1 and no. 4. 
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In addition, considering the initial dynamic viscosity of mashes and that they are going 
to ferment lactic and alcoholic, it is preferable that the laboratory mill, used for grinding, to be 
adjusted to 0.4 mm. 
Total dry substances of the 4 sweet primitive mashes are almost equivalent and 
correspond to literature data (Arici and Daglioglu, 2002; Banu, 2000; Hayta et al., 2001; 
Rasenescu and Otel, 1987). As guessed, the highest content of total dry solids was recorded 
for fine wheat grist (0.2 mm grain). Maximum difference between the total dry substances of 
4 mashes, expressed as a percentage, is 3.53% and is recorded between mashes no. 1 and no. 
4. Minimum difference is 1.83% and it is between the mashes no. 1 and 2. And in the case of 
this characteristic, we can say, too, that the degree of grinding does not significantly influence 
the quality of obtained mashes. 
Quantities of spent grains, resulting by filtering through metallic sieve by pressing, are 
directly proportional to the degree of grinding; the largest amount of coarse grains is obtained 
for coarse grist, 0.5 mm. 
An important characteristic of unfermented or fermented CGMs is viscosity. In this 
study we determined the dynamic viscosity, upon which it can be estimated, indirectly, 
consistency of obtained mashes. Consistency is a physical characteristic with positive 
influence on sensory assessment of beverage type Braga. Dynamic viscosity of mashes before 
fermentation are given in Tab. 2 and observed an increase of viscosity with decrease of the 
degree of grinding. This can be explained by increasing the amount of glucans and pentosans, 
more or less hydrolysed, in mashes consist of coarser grists. A positive influence on growth of 
viscosity has the initial pH, high enough, of mashes, and lack of maintenance of mashes at a 
lower temperature, as happens in the processing of mashes in the beer industry. 
The lower value of viscosity is registered to mash no. 1 and the largest to mash no. 4. 
The difference between the two values is significant, 20 cP. The other two differences are   
3.3 cP, 7.8 cP, respectively. An important role in defining of the viscosity of these mash types 
it is hydration and gelling of grist particles of different sizes to boiling temperature, 
considering stirring and grist/water ratio the same for all four mashes. Initial viscosity of 
CGMs is important and in terms of carrying out of two types of fermentation which taking 
place: lactic and alcoholic. 
Next, the chemical and microbiological changes of the mashes after the fermentation, 
at 25°C for 40 h, have given in Tab.3 (for Series I) and Tab. 4 (for Series II). 
Tab. 3 
The chemical and microbiological changes after the fermentation of the mashes for Series I 
 
Characteristic U.M. 1DB 2DB 3DB 4DB 
pH - 4.18 ± 0.08 4.19 ± 0.09 4.23 ± 0.10 4.25 ± 0.07 
Total acidity × 10 
(expressed as lactic acid) 
[%(w/w)] 1.40 ± 0.04 1.33 ± 0.03 1.20 ± 0.03 1.18 ± 0.04 
Total dry substance [%] 10.22 ± 0.30 10.33 ± 0.24 10.47 ± 0.27 10.69 ± 0.33 
Soluble dry substance [°Bx] 8.2 ± 0.10 8.1 ± 0.15 8.4 ± 0.20 8.4 ± 0.30 
Dynamic viscosity [cP] 58.8 ± 1.6 65.5 ± 1.7 71.0 ± 1.7 82.1 ± 2.1 
Alcoholic concentration [%(w/w)] 2.21 ± 0.06 2.29 ± 0.05 2.30 ± 0.07 2.03 ± 0.05 
Volatile acidity × 102 
(expressed as acetic acid) 
[%(w/w)] 1.1 ± 0.03 1.5 ± 0.04 1.6 ± 0.05 1.4 ± 0.04 
Yeasts ×10-6 [UFC/mL] 3.8 ± 0.11  3.9 ± 0.12 4.7 ± 0.16 4.6 ± 0.13 
Bacteria ×10-6 [UFC/mL] 810 ± 23 840 ± 28 852 ±3  869 ± 29 
Note: mean values of triplicate determinations (n=3) ± standard deviation and significant differences 
=0.05 
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Tab. 4 
The chemical and microbiological changes after the fermentation of the mashes for Series II 
 
Caracteristic U.M. 1D 2D 3D 4D 
pH - 4.93 ± 0.1 4.88 ± 0.11 4.61 ± 0.09 4.50 ± 0.08 
Total acidity × 10 
(expressed as lactic acid) 
[%(w/w)] 0.75 ± 0.02 0.61 ± 0.01 0.63 ± 0.02 0.55 ± 0.01 
Total dry substance [%] 10.42 ± 0.18 10.85 ± 0.20 10.85 ± 0.21 10.91 ± 0.25 
Soluble dry substance [°Bx] 8.9 ± 0.20 9.0 ± 0.10 8.8 ± 0.15 8.9 ± 0.20 
Dynamic viscosity [cP] 61.1 ± 1.4 67.7 ± 2.0 74.4 ± 1.8 86.6 ± 2.3 
Alcoholic concentration [%(w/w)] 2.03 ± 0.05 2.17 ± 0.06 1.92 ± 0.04 1.84 ± 0.05 
Volatile acidity × 103 
(expressed as acetic acid) 
[%(w/w)] 1.55 ± 0.04 3.22 ± 0.08 3.04 ± 0.07 3.12 ± 0.09 
Yeasts ×10-5 [UFC/mL] 2.4 ± 0.07 3.1 ± 0.08 3.6 ± 0.11 4.3 ± 0.14 
Bacteria [UFC/mL] 32 ± 0.9 50 ± 1.5 64 ± 1.8 83 ± 2.4 
Note: mean values of triplicate determinations (n=3) ± standard deviation and significant differences 
=0.05 
 
Analyzing the experimental results from Tab. 3 and Tab. 4 observed a greater decrease 
of pH's for series I and decrease is significant for the degree of grinding of 0.3 mm of wheat 
(pHmax.=6.43 – 4.19=2.24). For Series II largest pH decrease is found for grinding of wheat 
(the 4D mash; pHmax.=6.38 – 4.50=1.88). Depending on the degree of grinding recorded a 
reverse variation of pH, comparing the evolution of pH's of mashes of the two series. So, for a 
more pronounced decrease of pH of mashes obtained from coarser grist and would 
recommend the lactic acid bacteria: yeast report decreased.  
Considering near pH and total acidity of fermented mashes from that two series note 
that for mashes of Series I (seeded with yeast and lactic bacteria) decrease of pH is directly 
correlated with increased of total acidity, but not directly proportional. This can be explained 
by the fact that the accumulation of lactic acid in the mashes is influenced by the initial 
viscosity of mashes, too. 
Fermentation temperature of 25°C did not create the necessary conditions during the 
fermentation of 40 h, which is in agreement with data from literature (Arici and Daglioglu, 
2002; Banu, 2000; Hayta et al., 2001; Rasenescu and Otel, 1987), to achieve the required pH 
value, total acidity and alcohol concentration to draw up a suitable product in sensory terms. 
It considered as reference data published by Arici and Daglioglu (2002). The pH and total 
acidity is too low and alcohol concentration is too high. In this study the management of 
fermentation of mashes at a temperature of 25°C revealed the role of yeast culture in volatile 
acidity and alcohol concentration increase, especially if grist is coarser (0.3 mm and 0.4 mm). 
And this interpretation must take into account the evolution of viscosity during fermentation 
of mashes.  
Regarding on the evolution of viscosity of mashes, considering the degree of grinding, 
it is found that for highest initial viscosity of mashes (case of 4DB and 4D mashes) viscosity 
differences,  coarse - fine grist, are relatively close in order of amount, ie: 76.6–56.6=20 cP; 
82.1–58.8=23.3cP si 86.6–61.1=25.5cP. For intermediate degrees of grinding the viscosity 
differences after fermentation approximately doubles (3.3cP becomes 6.7cP and 6.6cP), 
respectively multiply by 1.5 (7.8cP becomes 12.2cP and 12.73cP). Therefore, increased 
viscosity in the frame of the series I and II is similar and viscosity difference doubles from 
one degree of grinding to another. The results illustrate, for the case studied, a major influence 
on the viscosity of the finished product of the degree of grinding. Values for total and soluble 
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dry substance are consistent with the values obtained for the other characteristics of fermented 
mashes. In this context, the observations of Hayti et al. (2001) check.  
 
CONCLUSIONS 
 
Given the technological options for obtaining of fermented mashes based on cereal 
grists (MCGs) presented in the article we can conclude: 
- degree of grinding of wheat does not significantly influence the pH and alcoholic  
concentration of fermented mashes with lactic acid bacteria and yeast cultures, but the 
influence is significant in the case of inoculated mashes only yeast cultures. 
- for a corresponding total acidity and alcohol concentration recommend a medium degree of 
grinding (0.3 mm and 0.4 mm) and a seeding of mashes properly with series I of mashes. 
Mashes most viscous, before and after fermentation, have the lowest alcohol concentration. 
- degree of grinding of wheat significantly influence the viscosity of fermented mashes. 
- inoculums of yeast culture, even in small quantities, significantly increases the viscosity and 
volatile acidity. 
- considering the temperature of fermentation as a very important factor in fermentation yield 
is estimated, based on the results obtained, as a fermentation temperature higher of 25°C is 
more suitable for obtaining fermented mashes type Braga with specific sensory 
characteristics. 
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